INTRODUCTION
One major hurdle in making clinical progress in osteoarthritis (OA) revolves around our incomplete understanding of mechanisms for initiation and progression of disease. While articular cartilage degradation is considered the hallmark of OA, the "joint as an organ" concept is quickly being recognized as a critical concept for making progress in understanding and treating OA. As such, subchondral bone changes are being examined and have been implicated as a key component of pathology in OA. Subchondral sclerosis is one change that can be seen via clinical imaging. Histologically, it is characterized by increased subchondral plate thickness, bone volume, and trabecular thickness, which have been reported in late stage knee OA in human patients and in animal models. Clinical studies are typically limited to evaluations of tissues from patients with advanced disease. Therefore, animal models hold many of the keys to improving our understanding of subchondral bone pathology in early OA. However, data regarding subchondral changes in early OA in animal models are conflicting. To further elucidate disease mechanisms in early OA, we tested the hypothesis that changes in subchondral bone histomorphometry are significantly different among three different canine models of OA.
METHODS
All procedures were approved by the animal care and use committee (ACUC). Twenty-one purpose-bred female hound dogs were used for surgical induction of OA. All dogs underwent one of four arthroscopic procedures on one knee: transection of anterior cruciate ligament (ACLt) (n=5), creation of full-thickness grooves in the medial femoral condyle cartilage using a 3 mm diameter ring curette (GR) (n=6), medial meniscal release by transection at the posterior horn junction (MR) (n=5) or sham control with probe manipulation of all joint landmarks without insult (SH) (n=5). Lameness grading (0-5 scale with 0 being no lameness and 5 being nonweight-bearing) was performed every 4 weeks. Twelve weeks after surgery, dogs were euthanatized and the proximal tibia, distal femur, and synovium were obtained for histologic examination. Synovitis was scored based on the severity of cellular infiltrates (0-3 scale with 0 being no infiltrates) and the degree of hyperplasia (0-3 with 0 being normal). Two sections of osteochondral tissue (2-4 mm apart) were obtained from the four major weight bearing surfaces (medial and lateral tibial plateaus and medial and lateral femoral condyles) for assessment of articular cartilage (Mankin score) and subchondral bone histomorphometry. Three histomorphometeric parameters: subchondral plate thickness (SP.Th), bone volume (BV/TV), and trabecular thickness (Tb.Th), were measured using a computer software program (Image-Pro Plus). A one-way ANOVA was performed to determine differences among treatment groups. When significant differences among groups were obtained, Tukey's pairwise multiple comparison test was performed to determine which groups were different from each other. Non-parametric correlation coefficients (Spearman) were calculated for comparison of the changes in bone, lameness score, Mankin score, and synovitis score. Significance was set at p < 0.05.
RESULTS
Severity of lameness was highest in ACLt dogs throughout the study period (Table 1) . Synovitis was significantly more severe in ACLt knees than SH (p=0.003) and GR (p=0.006) knees (Table 2) . Histological analyses using the Mankin system indicated that MR knees had significantly more severe cartilage pathology in the medial tibia compared to all other groups (p<0.001). GR knees had significantly more severe cartilage pathology in the medial femoral condyle than SH (p=0.028) knees. Cartilage pathology of ALCt knees was more severe than SH knees in the medial compartments while more severe than all other groups in the lateral compartments (p<0.001 to p=0.014) ( Table 2) . Subchondral bone from ACLt tibias had significantly thinner subchondral plates, less bone volume, and thinner trabecular bone than all other groups (p<0.001 to p=0.046). SP.Th. of the medial tibia of MR knees was significantly thicker than all other groups (p<0.001 to p=0.013). Mankin score and synovitis score showed a significant (p=0.002 to 0.028) moderate to strong negative correlation (R=-0.400 to -0.665) for SP.Th., BV/TV, and Tb.Th. in the lateral tibia while lameness scores showed significant (p<0.001 to p=0.047) moderate to strong negative correlations (R=-0.483 to -0.782) with subchondral bone parameters in the tibias. 
DISCUSSION
Subchondral bone changes in ACLt knees in this study are consistent with recent studies by Sniekers et al. 1 and Intema et al.
2
However, those authors also reported thinning of the subchondral plate in a groove model and concluded that plate thinning is an intrinsic phenomenon in the process of OA. Contradictory findings between our study and their reports might be attributed to differences in groove models used where two large grooves were created in the medial femoral condyle in our model while both condyles were multifocally scratched in their model. However, the subchondral plate was significantly thicker in the medial tibia of MR knees than all other groups suggesting that subchondral thickening can be a feature of some types of OA in animal models as has been noted in human patients. The present study suggests that thinning of the subchondral plate, decreasing subchondral bone volume, and thinning of trabecular bone are unique to ACLt knees in canine models of early OA and that these changes likely stem from alterations in weight bearing load. While ACLt models have produced very useful data in a number of areas, this model may not be most translational or clinically relevant for what occurs in humans as the instability created by complete transection of the ACL is severe and is left untreated, which is not the standard-of-care in medicine. Based on these pathomechanics, as well as present and previously reported data 3 regarding the groove and meniscal release canine models, arthroscopically-delivered insults that do not cause gross instability of the knee appear to provide more consistent and more applicable models for translational study of OA. Osteoarthritis appears to be a group of heterogeneous conditions that follow a common pathway of pathologic findings and clinical symptoms, including alterations in subchondral bone. In adopting the "joint as an organ" approach to understanding, diagnosing and treating OA, subchondral bone pathology should be further examined to characterize its involvement and importance. In this study, the canine groove and meniscal release models produced subchondral bone changes that corresponded to radiographic and MRI changes 3 and are most consistent with what has been reported for human OA. 
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